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controlled synthesis of lignirmicro particlesin uniform
AbstracB Lignin acetate microspheres were synthesized inspherical shape. It is important to note that the synthesis of
uniform spherical shape through emulsion solvent evaporationyniform lignin micro pariclesin spherical shape requires an
(ESE) technique. The objective of this work was to study theyynroprigte method with controlled and precise preparation
influence of process variables on the mean particle size, S'ZSarameters.

distribution and morphology of lignin acetate microspheres. . . .
There are many variables in ESE technique influencing the ~ESE téchnique is one of the most common techniques for

properties of the microsphere, however, the focus of this study wa@reparation of polymer microsphergsl]. There are two
on four parameers; shear rate, mixing time, concentration of the different phases involved in this method; an organic phase

surfactant and the type of organic solvent. For synthesis of ligninconsisting of organic seént and polymer, and aqueous
acetate microspheres, lignin was first modified to lignin acetate,yhase which included water and surfactant. Oil droplets

and then dissolved in the organic solvent. Then the organic phase . . . -
was added to the polyvinyl alcohol solution with a range of dissolved polymer in an organic solvent) are formed in the

different concentrations (0.0i 2.0 w/v%). The mixture was 2dUeOUs continuous phase when the organic phase is

agitated at different shear rate with either homogenizer (highintermixed with the aqueous phd3g After the formation of
shear mixer) for 5, 10, 20 and 30 seconds or magnetic stirrer (lovthe emulsion in the first step, the liquid droplets of the

shear mixe) for 30 seconds. After the formation of the emulsion, organic phase areansformed into solid spherical particles

the liquid droplets of the organic phase were transformed intoby removing the organic solvent from the emulgid®, 13]
solid microspheres by evaporation of the organic solvent. Size : . )
polydispersity index (PDI) and zetpotential of the particles were Accompanied by the solvent evaporation, the drops of the

detemined by Dynamic Light Scattering (DLS) technique. diSPersed phase become rich in polymer duesdtvent

Scanning Electron Microscopy (SEM) images were used to studyeémoval and they begin to solidifg4].
the morphology of the microspheres. The results showed that The organic solvent is chosen based on its ability to

uniform the microspheres were formed in about 1 um at highdissolve the polyme boiling point, miscibility with water,
mictospheres dependd on all four actors which wete essenti €S1dUal1OKIItEAS] In ESE technidue, the boiling point
factors in lignin acetate microspheres formation. f.t_he °r9a”'° solvent Sh_OU|d be Iower than the normal
boiling point of water. For instance, dichloromethane, ethyl
Keywords Emulsion solvent evaporation techniqueLignin, ~ acetate, acetone, tetrahydrofuran are classified in this group

Microspheres, Preparation parameters of solvents. However, the letility of lignin is very low in
these organic solvents due to presence of hydrophilic moiety
I. INTRODUCT ION in the lignin moleculd16]. The solubility characteristics of

Lignin is produced in large quantities asfmpduct in the the lignin macromolecules can drastically alter by removing
pulp industries[1]. Major part of the lignin is used as of hydroxyl groups due to altering their hydrophilic structure
low-grade energy source for boilers, and only small portiognd Smaller amount JHonds. Acetylation of lignin is a
of lignin is utilized for value added products due to it§echnique usually done to improve tsalubility of lignin in
varying molecular weight, lowuhctionality and unknown Organic solventgl7]. _
molecular structure [2]. However, even with these Although ESE technique ioceptually simple but many
drawbacks, the interest for developing lighiased products Variables can influence the final prodyds]. Variables
is increasing due to the growinigterest on sustainable influencing the fm_al mlcrosphere_formathn include: (|)
sourceg3-5]. For instance, synthesis of ligarasedmicro ~nature and solubility of polymer in organic solvent; (ii)
particleswere recently studied for their potential application®0lymer concentration, composition and molecular weight;
in agriculural actives controlled releag@9] drug controlled  (iii) organic solvent; (iv) concentration and nature of the

release [9] coatings, cosmetics auto, chemicals and stabilizer/sirfactant; (v) temperature; (vi) stirring/agitation
packaging industriefL0]. speed during emulsification process and; (vii) viscosity and
Asrar and Ding (2006)7] patented a method for producingVolume ratio of the dispersed and continuous ptjasg
lignin-basd matrixmicro particlesor the controlled release However, the aim of this study was to define the effect of
of agricultural actives using emulsion solvent evaporatiofNly four parameters; shear rate, mixing time, concentration

(ESE) technique. The method produced ligniaro particles ©f the sufactant and organic solvent on the size, size
in the range of 5i6 . 3 However, there is no study distribution and the morphology of lignin acetate

regarding the effect of preparation parameters on tHicrospheres.
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II. EXPERIMENTAL distribution graphs were obtained based on the relative
intensity of scattered light ome hydrodynamic diameter of
) o . . lignin microspheres. The relative intensity peaks were
Commercial noawood soda lignin was used in this study g majized (the intensity of highest peak normalized to

Solvents were purchased from commercial SsOUrCegnin) for all samples. At least three measurements were
Dichloromethae (DCM) (Caledon, Georgetown, ON, - ried out for each test.

Canada), ethyl acetate (EA) (Caledon, Georgetown, ON,

Canada), acetone (ACE) (Caledon, Georgetown, OMetermination of zetgpotentid by using DLS technique
Canada), tetrahydrofuran (THF) (Caledon, Georgetown, ON, 1o etanotential of lignin acetate microspheres were

Canada), Pyridine (Caledon, Georgetown, ON, Canad@jatermined using ZETASIZER NANO ZS Malvern
polyvinyl alcohol (PVA) (Sigma, St. Louis, MO), acetic| s ment (Malvern, United Kingdom), at 25.040.1 °C. A

anhydride (Caledon, Georgetown, ON, Canada). All thgysigal dispersion of lignin microspheres was prepared in
chemicals used were analytical grade and used WithOyf 4queous soleth with concentration of 0.01%. At least

further purification. three measurements were carried out for each test.

A. Materials

B. Acetylation of lignin

1.0 g lignin was mixed with 40 ml of pyridirecetic )
anhydride (5050%) solution. The mixture was allowed toMICrOSCOpy _
react at 90°C for 3 hrs in a sealed flask. The solids were 1N® morphology of microspheres was observed under
re-precipitated with 150 ml of hydrochloric acid solution (pHSCaNNINg electron microscopy (SEM). SEM was used to
= 1.0) and collected using a vacuum filtration technique. THg1aracterize the morphology of the lignin particles. Samples
solids were washed i HCl solution and then with Were covered by a fine gold layer (10 nm) and observed on a

deionized water. The collected solids were dried at 40°C af§OL field emission microscope (5 kV). Diameters of the
stored in vials for further analysis. lignin particles were measured by using ImageJ software.

The mean diameter @fach sample was calculated based on

C. Preparation of lignin acetate microspheres the measurements of 100 randomly selected particles.
10mg lignin acetate was dissolved in 1 mL organic solvent.

The organic phase was misferred into 10 mL aqueous phaseColloidal stability test
containing PVA with concentration of 0.0, 0.05, 0.1, 0.2, 0.5, Stability of the lignin acetate microspheres suspensions
1 and 2 w/v%. The mixture was agitated with either magnetigere studied by analyzing the particles size over time. Lignin
stirrer (800 rpm or 1000 rpm) for 30 seconds or homogenizacetate microsphesewere immersed in water at room
(10,00620,000 rpm) for 5, 10, 20 or 3kconds. Then, the temperature for 60 days. Particles size was measured by
emulsion was transferred to a beaker containing 50 mL uéing DLS in 15, 25, 35 and 60 days to evaluate the
water and stirred for-3 hrs with magnetic stirrer at room occurrence of aggregation due to cluster formgih. The
temperature to allow the solvent to evaporate from thesults were reported as mean (+SD). Statistical analygses w
mixture. The particles collected by centrifugation for 10 mierformed by using oreay analysis of variance (ANOVA)
at 9000g, and washed with hot water for 2 times to remoweith significance (p<0.05). The morphology of the particles
the surfactant. Samples were freglzied in and kept in on the 6&h day was studied by analyzing SEM images.

Morphology of the particles by Scanning Electron

desiccator for further testy, 20]. Table 1 shows all the Shear | Mixing PVA

preparation parameters for synthesis of lignin acetatq _ rate Time Conc.
microspheres. The effect of each preparation parameter gpS2mple|  Mixer (rpm) (Sec) | (W %)
the particle size was analyzed by using-o@y ANOVA Magnetic

with significance when p<0.05. 1 stirrer 1000 30 0

D. Preparation of lignin acetate hollow spheres > gﬁ?er]retlc 800 30 0.2

At low shear rate (1000 rpm) a portion of particles (hollow
spheres) was remained on the surface of the water afte
centrifugation due to their lower density than water. Particleg
were collected from thg surfacef wat_er, washed with 4 Homogenizer| 10000 5 0.2
distilled water and dried in the freeze drier.

Magnetic
stirrer 1000 30 0.2

_‘
w

L . . o . 5 Homogenizer| 10000 10 0.2
Determination of size and size distribution by using DLS
technique )

The average diameter and size distribution of microsphere 6 Homogenizerl 10000 20 0.2
were determined by using ZETASIZER NANO ZS Malvern ; H ) 10000 20 )
InstrumentMalvern, United Kingdom), at 25.0+0.1 °C. The omogenizer
colloidal dispersions of lignin acetate microspheres were

8 Homogenizer| 10000 30 1

prepared at 0.1% concentration of agueous solution. The siZe
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9 Homogenizer| 10000 30 0.5 14 Homogenizer| 12500 30 0.2

10 Homogenizer| 10000 30 0.2 15 Homogenizer| 15000 30 0.2
16 Homogenizer| 20000 30 0.2

11 Homogenizer| 10000 30 0.1

12 Homogenizer| 10000 30 0.05

13 Homogenizer| 10000 30 0

TABLE 1 Preparation parameters for synthesis of lignin acetatenicrospheres

Ill. RESULTSAND DISCUSSION

: 1.0 P
A. The influence of shear rate - Lot b
Generally the size of droplets in an emulsion is inversely 08- 15000 rpm !.’,
related to the magnitude of shear stresses. Therefore, smalle i e
microspheres are formed by increasing the shear rate. It i<
reported that increasing stirring speed produced smaller s, 0.6
particles using ESE techniq{@2]. As the speed of the motor B
or the powe of the sonicator is increased, the size of the E; 0.44
dispersed droplets decrea$gs]. Therefore, if high shear is =
produced by homogenizer or sonicator, the droplets become
much smaller than the droplets in the emulsion produced by 21 v
conventional agitation. This phenomenon strongly supports il
the concept thathe stronger shear forces and increased 0.0 £¥ r .
turbulences that are generated at high stirring speed coulc 100 1000 10000
breakdown the droplets into smaller siz28]. Size (d. nm)

Figure 1la showshe particle size distribution of lignin Fig 1. Particle size distribution of lignin acetate microspheres at

acetate microspheres which prepared at low shear (800 rpfiferent shear rate; Particle size was determined by a) imageJ
and 1000 rpm) and high shear rate (10,000 rpm). The low software and b) DLS technique

shear was applied by magnetic stirrer and high shear by

homogenizer. The size of the particles pregaby using Table 2minimum, maximum and mean particle size prepared

magnetic stirrer was determined by imaged (Table 2) by using magnetic stirrer and measure by imageJ software

Particles were formed in larger size and in wider distribution Particle size (um)

by using magnetic stirrer. The average particle size at 8o®hear rate (rpm)

rpm and 1000 rpm was 13.6 um and 10.6 um, respectively.
Figure 1bshows the size distribution of lignin acetate goo 3.8 25.0 13.6

microspheres which prepared by using homogenizer at

different shear rates (10,0@D,000 rpm). All samples 1,000 2.0 18.0 106

showed unimodal size distribution. However, it seems thatyg oo 05 24 1.0

the distributions of lignin acetate microspée were slightly

shifted to lower sizes at higher shear rate.

Min. Max. Mean

Figure 2 shows the effect of high shear rate orattezage
particle size and PDI of the lignin acetate microspheres. It is
clear that the average size of microspheres was decreased
from 1075 nm to 886 nm when the shear rate was increased
from 10,000 rpm to 20,000 rpm. Significance of the influence
304 was stéistically confirmed by onavay ANOVA (p < 0.05).
Although, the size distribution became slightly narrower by
20+ increasing the shear rate, but the value of PDI was increased
1000 rpm at higher shear rates. It has been reported that the particle size

il distribution of mly(lactic-glycolic) acid (PLGA) and
Eudragit RS microspheres decreased when stirring speed
increased 18, 24]. SEM images (Fig. 3) shows the obvious
differences between the effects of the high and low shear rate
on the particle size.

50+

10,000 rpm a

401

Number of Particles

0 5 10 15 20 25
Size (d. um)
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Fig 2.Average particle size (ZAve) and polydispersity index (PDI) of lignin acetate microspheres at different shear rate applied by

homogenizer

SEl

[ 20,0 M 20, €
Fig 3. SEM gnetic stirrat low s
and homogenizer at high shear rate (10,0620,000 rpm).
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Many other factors related to agitation have also an 0.0007 -
influence on the size of the microspheres, such as the 0.0006 *

geometry of the reactor, the number of impellers #red
i mpel | er §25. Bhsead onehe &olmogoroff/Hinze 0.0005 + v =3E-05x+ 1E-04
model[26] the correlation between tlagitation rate and th 2 0.0004 - ==0.978
diameter of the agitator could be expressed as: E 0.0003 |
. =
dimax pvipin T E 0.0002 1 @
== (5 Eq. 1
. 0.0001 -

Where;
dmax = the largest drop size which can be formed under 0.0000 . . |
turbulence (m) 0 3 10 15
D = the diameter of the agitator (m) (N2D3)-3/5
1. = the density of continuous phase (k§ym Fig 4 the relationship between the diameter of the agitator (D)
N = the agitation rate (turns/s) and the agitation rate (N) with the maximum size of the lignin
8 =the interfacial tension between the continuous phase and acetate microspheres (g

the dispersed phase (N/m)

¢, = a constant value which depends on the factors linked f@rmation of lignin acetate hollow spheres.
the agitation conditions. Figure 5 shows SEM images of the lignin acetate hollow

spheres. The average diameter and the thickness of the lignin

If we assume a constant density for the continues phase af¢@fate hollow sphes were determined by imageJ software
constant interfacial tension between the continuous phase &dthe SEM images. It was found that the thickness of the

the dispersed phase, then; hollow spheres was about3lpm, and the average particle
size was about 58 um (Fig. 6).
Smar _ ¢ (yIDE)-EE Eq. 2 Polymer hollow spheres have shown the potential in

e variety applicatios ranging from controlled release to

catalysis[28, 29]. Their ability to compartmentalize a large
guantity of chemical actives and their largurface area make

From Eq. (1) and Eq. (2), it is clear that the maxirsize these particles particularly usef@0]. For instance, Liu et al

of microspheres is decreased by increasing the agitation rg@@14) [31] reported he fabrication of PLGA hollow
[18, 24, 27]. Figure 4 shows the relationship between thanicrocapsules through double emulsion method having a size

largest particle size of lignin acetate microspheres with tfef 2.5 &m and [ oaded with an
diameter of the agitator and the agitation rate. drug delivery to cancer cells. In another study, hollow
structure of poly(hydroxybutyrateco-3-hydroxyvaleate)
was synthesized through ESE technique for the sustained
release of anttancer drug32).

whereC, is a constant.

106



IJEIT

ISSN: 22773754

ISO 9001:2008 Certified
International Journal of Engineering and Innovative Technology(IJEIT )

Volume 4, Issues, Febrga_ri 2015

e _./‘ - . %
» v
— wf. s , ' x1,500  10pm
e b 3

‘ Fig 5 SEM images of ii;nin acetate hollow spheres

26 Figure 8 shows that the avage particle size of lignin

204 acetate microspheres was decreased by addition of PVA from

_é 0.05% to 1%, and then increased by addition of 2% PVA.
s 197 Therefore, the smallest particle size (744 nm) was obtained

5 10 by using 1% PVA in the formulation. However, the
3 polydispersity of particles at 1% PVA was the highest
5 5+ (PDI=0.22) in comparison with other samples. According to

0 _ ' ' ' ' , ANOVA, the PVA concentration is found to have a

0O 20 40 60 80 100 120 significant influence on the lignin acetate particle size

Size (d. um) (p<0.05).
Fig 6 Particle size distribution of lignin acetate hollow sphere
B. The influence of surfactant concentration Silva et al.,[20] reported that the PVA concentrations

Figure 8 shows the particle size distribution of lignin acetafe€!oW 1% led to a larger particle size of PLGA microspheres,
microspheres prepared at different PVA concentration (O_Og)ecause smaller particles have a higher total interfacial area
2.0% w/v). Unimodal distribution was observed for alcompared to the large particles, thus they regairhigher
samples. The size distribution was shifted to smaller particlégncentration of the surfactant. Therefore, the addition of
by increasing the PVA concentration from 0.05% to 19dlgher surfactant concentration to the solution results in
However, by increasinghe PVA from 1% to 2%, the size decreased particles size. In another study, an increase in size
distribution was moved to greater particles. of PLGA nanoparticles at high PVA concentration have been
repated[34]. These contradtory findings were clarified by
Surfactants play an important role in the formulation oBudhian[35] who proposed two copeting effects at high
microspheres and in their resulting shape and size. The m@WA concentration. The size of the particles decreases due to
role of the surfactant is to prevent the emulsion dregtein  enhanced interfacial stabilization while the size of the
coalescing[23]. The surfactant molecules are located in thgarticles increases due to increased viscosity of the aqueous
interface between the aqueous phase and organic phase. Jihgse.
concentration and properties of thefaatants will affect the

total surface area of the particles and may change the fine 1700 | +Z-Ave| 03
particle siz§33)]. « PDI
~1500 -
10 Y g - 02
fremeene PVA 1% =
|----PVA 0.5% 1300 A @)
08 =y 2 2
I PvA00s% 1100 4 L 01
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Fig 8 Average particle size and PDI of ligin acetate

SIEEIR. BT} microspheres at different PVA concentration

Fig 7 particle size distributions of lignin acetate microspheres at
different PVA concentration
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SEM images show the effect of surfactant concentration @pherical shape and had a smooth surface. Absence of
the morphology of lignin acetate microspheres (Fig. 10). Aurfactant causes particle shrinkage and rough surface on the
comparison between SEM images shows that the formatiparticles.
of lignin acetate partickewith surfactant was completely in
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Fig 9 SEM images of lignin acetate microspheres at different\¥PA concentration (0.0-2.0%). Agitation rate was 10,000 rpm for all
cases, unless stated on the image.
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C. The influence of mixing time was decreased from 0.216 to 0.110 when the mixing time
Figure D presents size distribution of lignin acetatancreased frm 5 sec to 30 sec.
microspheres that were prepared at different mixing times (5,Short mixing time yields coarse particles due to less
10,20 and 30 sec.) by using homogenizer and constant P\idagnitude of shear stress applied, while at longer time, the
concentration (0.2%w/v). It shows uniform size distributiorincrease in the energy density directly by increasing the shear
for all samples, but obvious differences of particle sizes watresses and results in more efficient droplet breakdagjn
observed between samples. Larger particles were form&Herefore, increasing the mixing time decreases the particle
during shorter mixingime. mean size due to reduction of emulsion droplets through
sufficient shear forces. Figure 13 shows SEM images of
lignin acetate microspheres at different mixing time.

1.01 — 5 Sec LA
- 2 - 0.3
gl e f 1900 - + Z-Ave
0.81 ----- 30 Sec. =1700 - - * PDI
2 06 E1500 02
E 04 1300
- ™N1100 - - 01
i | 900 -
%G TTi000 10000 700 | 00
Size (d. nm) ° Mixing e (min)
Fig 10. Particle size distribution of lignin acetate microspheres 9 '
at different mixing time Fig 11 Average particle size and PDI of lignin acetate
Figure 11 shows the average particle size and PDI of lignin microspheres at different ring time

acetate microspheres at different mixing time. The average
particle size was 1767 nm, 1291 nmg20m and 1075 nm at

5, 10, 20 and 30 second of mixing time, respectively.
ANOVA showed significant difference between lignin
acetate particle size at different mixing times (p<0.05). PDI

Fig 12 SEM images of lignin acetate microspheres at different mixing time
D. The influence of organic solvent
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